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Cardiovascular Risk: The Safety of Local
Anesthesia, Vasoconstrictors, and Sedation in
Heart Disease
R. J. Middlehurst, FDS, FRCS, A. Gibbs, and G. Walton, MSc, MDS, FDS, FRCS

As part of a large pragmatic study, the authors investigated heart rate, blood pres-
sure, dysrhythmic and ischemic responses to lidocaine 2% with a combination va-
soconstrictor (noradrenaline 1: 50,000 and vasopressin 0.25 IU/mL), and mida-
zolam sedation in a medically compromised population. There were anesthesia-
induced physiological changes to both hemodynamics and the electrocardiogram.
The use of midazolam significantly ameliorated the sympathoadrenal response to
stress, and the greatest hemodynamic and electrocardiographic changes were ob-
served during surgery.
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ocal anesthesia is a universal method of pain con-
trol, and its popularity is a testament to efficacy

and safety. Plain lidocaine is an evanescent drug,1 so for
dental practice, vasoconstrictors are routinely incorpo-
rated to improve both the depth and duration of anal-
gesia and to secure hemostasis.2'3 Current clinical prac-
tice tacitly accepts the safety of adrenaline in patients
with cardiovascular disease,4 but strong reservations
have been expressed for the similar employment of nor-
adrenaline.456 However, the combination of a cate-
cholamine and a posterior pituitary analog should act
synergistically on both arterial and venous aspects of the
capillary bed.7 This synergy might permit an effective
reduction to the concentration of one or both agents
without compromise to vasoconstrictor potency and a
consequent improvement to the management of cardio-
vascular risk.

Anxiety, fear, anesthesia, and surgery are all accom-
panied by psychological, physiological, and biochemical
changes.8 The following are but a limited selection from
the literature to illustrate the true diversity of responses
to local anesthetics with vasoconstrictors. These re-
sponses include changes to heart rate (HR) and blood
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pressure,9,10 changes to cardiac rhythm and electrocar-
diographic ST-segment wave,11"2 endogenous cate-
cholamine release,13 endocrine response to surgery,14
and hypokalemic response to local analgesia.'5 These
changes are regulated by the net balance between sym-
pathetic and parasympathetic activity, and in addition to
pharmacological modification, there is evidence that the
autonomic response is further influenced by both stress
and pain.'6 All these events imply a certain morbidity,
which has in the past been frequently extrapolated to
the more susceptible population by means of citing the
dangers inherent in the combination of dental stress,
local anesthesia, and exogenous and endogenous cate-
cholamines.10,17-19 However, these reservations have of-
ten been poorly voiced and may in general apply to a
medically compromised population or, in particular, to
the use of catecholamine vasoconstrictors.6

METHODS

As part of a large investigation (R. J. Middlehurst, un-
published data, 1999), this randomized, blinded, con-
trolled, and comparative study investigated hemody-
namic and electrocardiographic responses to lidocaine
2%, noradrenaline 1:50,000, vasopressin 0.25 IU/
mL, and midazolam. Seventy-five patients with heart
disease (American Society of Anesthesiologists Cate-
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Hemodynamic Data for Local Anesthetic and Sedation Groups*

Lidocaine 2%, Noradrenaline
1: 50,000, and Vasopressin

0.25 IU/mL
HR, bpmt SBP, mm Hg
77.3 +± 7.8 142.9 ±+ 12.2
75.3 ±+ 2.5 154.9 ±+ 4.8
75.3 ±+ 2.0 153.4 +± 4.7
75.1 +± 1.7 141.9 ± 3.3

Lidocaine 2%, Noradrenaline
1:50,000, Vasopressin

0.25 IU/mrnL, and Midazolam
HR, bpm SBP, mm Hg
74.6 ±+ 8.6 137.7 ±+ 10.6
66.5 +± 7.5 135.8 +± 6.6
69.0 ± 5.0 131.1 ± 8.0
68.4 +± 5.0 121.1 +± 7.3
77.7 +± 2.5 113.7 ± 6.6

* Mean values ±+ SD.
t HR indicates heart rate; bpm, beats per minute; and SBP, systolic blood pressure.

gories III and IV) were prescribed dentoalveolar surgery

using lidocaine 2%, noradrenaline 1: 50,000, and va-

sopressin 0.25 IU/mL. For 25 of these patients, anal-
gesia was supplemented by intravenous midazolam.
A noninvasive pulse and blood pressure monitor with

integral printer (Datascope Accutor I, Datascope Cor-
poration, Paramus, NJ) was used to record hemody-
namics at 1-minute intervals through the 5 phases of
treatment, defined as stabilization, sedation (when used),
anesthesia, surgery, and recovery. Patients were placed
in a semirecumbent position, a cuff of suitable width was
applied, and recording started. After 5 minutes, the
baseline reading was taken, followed by at least 30 con-

secutive measurements. All surgical procedures were

performed by 1 operator. Hemodynamic data were

stored on a mainframe computer (Amdhal 5890/300)
and analyzed using repeated measurements analysis of
variance from the Statistical Package for the Social Sci-
ences (SPSS, Version 4.0), commercially available soft-
ware (Fortran 77, Ghost 80), and designer software
(Medplot) to plot a confidence interval framework, with
Mauchly Sphericity and Pillai tests for intra- and inter-
group comparison. An ambulatory electrocardiogram
(ECG) recorder (Holter Tracker) and Reynolds Medical
Pathfinder 3 (Model P31 High Speed ECG Analyser)
were used to tape and evaluate rhythm and ischemic
change. These data were analyzed using nonparametric
statistical tests, including Friedman, Mann-Whitney, and
Kruskal-Wallis. Finally, the study was conducted with the
approval of the Hospital Ethics Committee in accord
with the Declaration of Helsinki.

RESULTS

The following general data were recorded for the 50
patients in the local anesthetic group. The mean age

was 58.3 years, SD ± 11.0. There were 41 male and
9 female subjects. Cardiac pathology was derived from
the World Health Organization Index for Cardiac Dis-

ease. Nine subjects (18%) had valvular heart disease, 14
(28%) had hypertension, 23 (46%) experienced ische-
mia, 1 (2%) had cardiomyopathy, 1 (2%) had cardiac
dysrhythmias, and 2 (4%) had heart failure. The mean

quantity of local anesthesia was 4.9 ±+ 2.0 mL. Hypo-
tensive therapy (1B blockers, calcium channel antago-
nists, diuretics, vasodilators, and angiotensin-converting
enzyme inhibitors) was administered to 22 subjects
(44%). The duration of surgery was 15.5 ± 10.4 min-
utes, and 2 patients (4%) experienced dental pain during
surgery.

The same data were collected for the 25 patients in
the sedation group. The mean age was 57.7 years, SD
+± 13.6. There were 15 male and 10 female subjects.
One subject (4%) had rheumatic heart disease, 1 (4%)
had valvular problems, 4 (16%) had hypertension, 17
(68%) were ischemic, 1 (4%) had cardiac dysrhythmias,
and 1 (4%) had a heart transplant. The mean quantity
local anesthesia was 5.5 +± 1.4 mL. The mean quantity
of sedation was 6.4 +± 1.8 mg. Hypotensive therapy
was administered to 16 patients (64%), and the duration
of surgery was 20.0 ±+ 10.4 minutes. One patient (4%)
experienced pain.

For the local anesthetic group, there were statistically
significant changes to the individual parameters of mean
HR (-2.6%, P < .01) and mean systolic blood pressure

(+8.4%, P < .01) with the administration of anesthetic
(Table; Figures 1 and 2). Graphically, the results for sys-

tolic blood pressure formed a peaked data profile that
was time dependent, rising from a baseline value to a

peak and then falling. This pattern of response gener-
ates interest in the peak, which may be related to the
maximum effect of the given agent. However, despite
this profile, there were no significant differences be-
tween the individual phases of treatment.

For the ECG, a total of 181,765 electrocardiographic
wave (QRS) complexes were counted and analyzed, and
1333 (0.73%) proved to be dysrhythmic. A total of
43.8% of dysrhythmias occurred during the investigated
phases and affected 50.0% of patients in the group:

Phase of
Investigation
Stabilization
Anesthesia
Surgery
Recovery
Sedation
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Figure 1. Heart rate profiles (variation from baseline). 0 in-
dicates lidocaine, noradrenaline, and vasopressin; 0, lido-
caine, noradrenaline, vasopressin, and midazolam; bars, 95%
confidence interval.

18.9% during stabilization, 22.4% during local anesthe-
sia, 36.2% during surgery, and 22.4% during recovery.
The main dysrhythmias were premature ventricular
beats (29.8%), ventricular ectopics (37.5%), and com-
plex ventricular beats (8.3%) and pauses (8.3%). A total
of 97.3% were benign, whereas 2.7% were malignant.
Statistically, there were no significant differences be-
tween the phases of treatment. No patients had signif-
icant displacement to the ST segment (diagnosed as a
shift equal to or greater than a 1-mm 0.15 mV).

For the sedation group, midazolam induced signifi-
cant changes to the parameters of HR (+4.1%, P <
.01) and systolic blood pressure (SBP; -17.4%, P <
.01). The administration of anesthetic then induced fur-
ther significant changes in HR (-14.0%, P < .01) and
SBP (+19.4%, P < .01). However, there weree again
no significant differences between the phases of treat-
ment (Table; Figures 1 and 2).
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For the ECG, a total of 88,124 QRS complexes were
counted and analyzed; 769 (0.87%) proved to be dys-
rhythmic. A total of 15.9% of dysrhythmias occurred
during the investigated phases and affected 52.0% of
patients in the group. A total of 23.9% occurred during
stabilization: 20.7% during sedation, 21.5% during local
anesthesia, 25.2% during surgery, and 8.6% during re-
covery. The main dysrhythmias were premature ventric-
ular beats (20.0%), ventricular ectopics (32.0%), and
complex ventricular beats (8.0%). Of these, 94.3% were
benign and 5.7% were malignant. Again, there were no
significant differences between the phases of treatment.
Three patients (12%) exhibited significant displacement
to the ST segment.
There were no significant differences between the an-

esthetic and sedation groups for HR, but midazolam sig-
nificantly attenuated SBP (P < .01) for the phases of
anesthesia, surgery and recovery. For electrocardiogra-
phy in the anesthetic group, 33% of the total number
of ventricular ectopics (37.5% of benign arrhythmias)
and, for the sedation group, 39% of the total number
of ventricular ectopics (15.5% of benign arrhythmias),
were accounted for by a single individual in each group,
which precluded accurate comparison. Malignant ar-
rhythmic activity increased marginally with the use of
midazolam, from 2.7 to 5.7%. Dysrhythmic activity for
both groups was greatest during the phase of surgery.

However, all these events represented an average ef-
fect, and although some members of the trial population
might have experienced a greater improvement to out-
come, some might not. The extreme responders (the
individuals with the greatest change in HR, SBP, or
ECG during the phase of local anesthesia) were as fol-
lows: in the local anesthetic group, the greatest change

B.Sedation Anaesthesia Surgery Recovery
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Figure 2. Systolic blood pressure profiles (variation from baseline). 0 indicates lidocaine, noradrenaline, and vasopressin; 0,
lidocaine, noradrenaline, vasopressin, and midazolam; bars, 95% confidence interval.
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to HR, from 104 to 168 beats per minute (bpm; mean
= 123) occurred in a 34-year-old woman with hyper-
tensive heart disease and insulin-dependent diabetes.
The local anesthetic volume was 4 mL. She received no
hypotensive therapy. We surgically removed a wisdom
tooth; the surgery duration was 18 minutes, and she
experienced no pain. The greatest change to SBP, from
150 to 194 mm Hg (mean = 173) occurred in a 69-
year-old man with hypertensive heart disease, chronic
obstructive airways disease, and insulin-dependent dia-
betes. Local anesthetic volume was 8 mL. He received
no hypotensive therapy and underwent surgical exodon-
tia for 5 teeth. The surgery duration was 15 minutes,
and he experienced no pain. The greatest change to the
ECG, 35 ventricular ectopic (VE) beats (7.0% of total
VE for the group, rate = 2.4 bpm; other arrhythmias,
1 couplet, 46 premature supraventricular beats, a single
pause, and no ST segment deviation; HR, mean = 92.8
bpm, maximal = 97 bpm; SBP, mean = 104 mm Hg,
maximal = 111 mm Hg), occurred in a 52-year-old
male with valvular heart disease, taking no medication.
The local anesthetic volume was 8.5 mL. He underwent
dental clearance. The surgery duration was 23 minutes,
and he felt no pain.

In the sedation group, the greatest change to HR,
from 91.2 to 120 bpm (mean = 115) occurred in a 4-
year-old girl with cardiac dysrhythmia. She took 6 mg
midazolam. The local anesthetic volume was 3 mL. She
received no hypotensive therapy and underwent an api-
coectomy, which lasted 14 minutes. She experienced
no pain. The greatest change to SBP, from 129 to 152
mm Hg (mean = 135) occurred in a 57 year-old-man
with a heart transplant. He took 8 mg midazolam. The
local anesthetic volume was 8 mL. He received no hy-
potensive therapy and underwent surgical removal of 4
teeth. The procedure lasted 22 minutes, and he expe-
rienced no pain. The greatest change to the ECG, 22
VE beats, (4.9% of total VE for the group, rate = 2.2
bpm; other arrhythmias, 2 pauses, no ST segment
changes; HR, mean = 55 bpm, maximal = 59 bpm;
SBP, mean = 134 mm Hg, maximal = 150 mm Hg),
occurred in a 74-year-old male with hypertension and a
r-blockade. He took 10 mg midazolam. The local an-
esthetic volume was 6 mL. He underwent a maxillary
sequestrectomy, which lasted 14 minutes, and he felt
no pain.
The frequency for successful analgesia with lidocaine,

noradrenaline, and vasopressin, defined as surgery with-
out pain, was excellent at 96% for both the anesthetic
and sedation groups.

DISCUSSION

Though local anesthesia induced statistically significant
changes to the mean values for HR and SBP for both

anesthetic and sedation groups, the physiological mag-
nitude and clinical relevance of such change would best
be described as minimal. Maximal values were seen dur-
ing the phase of surgery and were consistent with the
observations of Knoll-Kohler et a120 and Paramaesvaran
and Kingon.21 Greater hemodynamic changes have
been reported for cardiac patients with controlled max-
imal exercise and isometric muscle testing.2223 Howev-
er, there were no significant differences between the
phases of treatment. Thus to patients with cardiovas-
cular disease, the administration of the local anesthetic
appeared to be no more stressful than the phases of
stabilization, surgery, or recovery; conversely, to the pa-
tient, stabilization, surgery, and recovery were as stress-
ful as anesthesia.

For the ECG, dysrhythmias were common, but their
incidence was low. Previous dental studies have been
confused on this particular issue, reading significance
into prevalence24 and excluding patients of particular in-
terest-for example, those with known dysrhythmias
and ischemic heart disease.25 However, dynamic elec-
trocardiography has demonstrated the ubiquity of ar-
rhythmias and ischemic change in the general popula-
tion. Arrhythmias have been recorded in 56% of fit
medical students26 and 90% of individuals with coronary
heart disease.27 Changes in ST segments and T waves
have been recorded in 23% of unaffected subjects28 and
90% of individuals with coronary heart disease.29 A bet-
ter judgment on prognosis might therefore be offered
by the known hierarchy of risk associated with the more
complex or malignant arrhythmia,30 defining dysrhyth-
mias such as premature supraventricular beats, ventric-
ular ectopics, and pauses as benign and atrial bigeminy,
trigeminy, multiple consecutive beats, and sustained
supraventricular and ventricular tachycardias as malig-
nant. However, such malignant arrhythmias have also
proven to be almost omnipresent in the general popu-
lation.2627 A number of investigators have looked fur-
ther for other predictors of sudden cardiac death, with-
out great result apart from the repetition of known as-
sociations with heart disease, ischemia, chronic ectopic
activity, catecholamine release, circadian rhythm, potas-
sium levels, mental stress, and physical activity.31'32 For
this investigation, what was surprising was that up to
42% of the total arrhythmic data was accounted for by
a single individual and that though dysrhythmias were
scattered across all phases of treatment, they were most
common during surgery. The latter was also an obser-
vation made by Barkin and Middleton.33 Finally, the use
of midazolam sedation improved hemodynamics wheth-
er measured in a summarized or extreme manner, but
it marginally increased malignant arrhythmic activity,
apparently at the expense of benign activity.
As to noradrenaline, there is little pharmacological ar-
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gument for the employment of this particular catechol-
amine as a vasoconstrictor. Its potency is a quarter that
of adrenaline,34 and because of its tendency to induce
hypertensive change, the majority of investigators have
always suggested that it should not be employed in such
a role.4,6'35'36 However, in the main study (R. J. Middle-
hurst, unpublished data, 1999) there was a rank order
for the prevalence of arrhythmias with lidocaine anes-
thesia that was dependent upon adrenaline concentra-
tion. Greatest for the combination vasoconstrictor was
adrenaline 1: 50,000 and vasopressin 0.25 IU/mL; in-
termediate was lidocaine with adrenaline 1: 80,000;
and least was the adrenaline-free combination of nor-
adrenaline 1:50,000 and vasopressin 0.25 IU/mL.
This may be explained by adrenaline's major effect as a
cardiac stimulant, inducing a tachycardia and, as a con-
sequence, ischemia. Finally, the hemodynamic changes
for the extreme responders might represent the capture
of intravascular injection sequelae, and a literature re-
view reported the risk for such events at 8%.37
The hypothesis argued for the risks of local anesthesia

in heart disease is that structural and functional abnor-
malities have the potential to interact with external trig-
gers, alone or in synergy, to produce the common end
point of sudden cardiac stress or death. For dentistry,
this remains a simplistic point of view, given the scale
of local anesthetic use, with Lilley et al suggesting that
in 1978 approximately 70 million injections were given
in the United Kingdom.38 Yagiela has also reported that
mortality over a 30-year period ranged from 1 death in
1.4 million to 1 death in 45 million administrations.39
However, circulatory diseases have been described as
the epidemic of our time40 and are more prevalent with
age, and the elderly are a group who will in the future
require increasing dental care.41 It is this context that
gives relevance to an information gap regarding the
safety of local analgesia.

This study dealt with patients of marked medical com-
promise. Most were on waiting lists for cardiac surgery
and underwent challenging surgical dentistry with sub-
stantial quantities of local anesthetic. The resultant he-
modynamic and electrocardiographic changes were not
clinically significant. Conscious sedation with intrave-
nous midazolam attenuated the sympathoadrenal re-
sponse, and greater changes were always seen during
the phase of surgery. Professional attention should
therefore be directed to the management of the whole
patient episode, not just perceived problems Awith the
administration of anesthesia.

CONCLUSION

It is recommended that clinical practice for local anes-
thesia in patients Awith cardiovascular disease should fol-

low established protocols for risk minimization with (a)
sensible prescribing for dental treatment, eg, prophylac-
tic and restorative solutions in preference to surgical in-
tervention; (b) behavioral modification; (c) the use of rea-
sonable quantities of a local anesthetic, such as lidocaine
2% with adrenaline at its minimally effective concentra-
tion; (d) aspiration on injection; and (e) appropriate
monitoring. Finally, the protocol should include the pre-
scription of a sedative agent, such as midazolam, for its
attenuation of the sympathoadrenal response.
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